Feedback
system is said to be stable if, for small values of input, the output remains small or does not increase with time. If the output increases with time, this leads to oscillation and unstability. The question of stability is fundamentally transient in nature, and is related to the transient response of the closed. loop system. The transfer function of the closed loop is usually studied in terms of the sinusoidal steady state where concepts of phase and magnitude ratio are readily related to experiments. When a sinusoidal wave is applied in variable frequency to a network of linear elements as a input, the relation of input to output expressed by phase and magnitude ratio is considered to afford a transfer function of the network, and is of absolute value in determining characteristrics of self control system. This is called frequency response test, and aids in determining whether human being has a stable feedback system or not1)2)3). Frequency response test appealed to us as the most likely to explain the servomechanism of cerebral palsy. So, we examined frequency response in twenty cerebral palsied children in comparison with normal subjects. RESULTS AND DISCUSSION Fig. 3 illustrates an example of gain curves in normal persons. An instance of gain curves obtained from cerebral palsy is displayed in Fig. 4 . There were seven of twenty patients tested in whom gain curves came within the normal limit. In six patients gain curves remained similar to normal persons within the certain range of frequency, but showed rapid fall with increased frequency. There were four instances where gain curves remained similar to normal ones merely within the confined range of both high and low frequencies.
In two cases, gain curves became far less than in normal over the whole frequency domain. There was another case where gain curve turned ,out higher than normal against whole frequency domain In brief, the deviation f rorn normal gain curves was observed in thirteen of twenty patients vas-yang with the severity of affection. Fig. 5 As the next step we shall turn to interpretation of the results obtained from Bode-diagram ( Fig. 7, 8 ). on the other hand, gave 0.446 c on the average. Cross-over angle frequency remained within the normal limit in twelve instances, and lower than normal in the rest.
As stated above, we can obtain the stability criteria of the system in terms of phase and gain margin, and we can be also approximately informed of shape in transient response by phase margin. Normal persons disclosed 136 degrees of phase margin on the average amounting from 113 to 160 degrees. Cerebral palsy showed mean value of 119 degrees. Frequency response phase data obtained .from a cerebral palsied girl. There were eleven cases within the normal limit, seven cases less than normal, and one case more than normal. None revealed negative value of phase margin.
Normal gain margin was 5.08 (db) on the average ranging from 3 to 7 (db).
Cerebral palsy came to an average of 4.6 (db) including fourteen cases within the normal limit and six cases out of normal range.
Cross
There were six of eighteen patients within the normal limit, and the rest without the normal limit. Natural frequency is expressed by the certain frequency with which the system starts oscillating independently of input following the increased high frequency.
In normal persons 1.16 cycle was given on the average with the range of 0.75 to 1.6 cycle. Cerebral palsy showed 0.664 cycle on the average, six cases within the range of normal value, and the rest far from normal limit. Natural frequency came out to be approximately corresponding to cross-over phase frequency in every subject.
A servomechanism design must meet two basic performance requirements.
First, not only the output must respond with a minimum error for all the commands, but also react quikly and smoothly to all the input. Second, in order for the response to be well damped, it must be stable.
In order to meet the first requirement it is necessary to enhance sensitivity of control system. Overshoots or oscillations, however, occur when the sensitivity is too high. Thus, the first requirement comes into conflict with the second one. Cross-over angle frequency remained within the normal limit'in twelve instances, and lower than normal in the rest. Six of eighteen patients tested presented, normal limit of values in cross-over phase frequency. Phase margin showed 119 degrees on the average, eleven cases within the normal limit, seven cases less than normal, and one case more than normal.
Gain margin came to an averge of 4.6 (db) including fourteen cases within the normal limit and six cases out of normal range.
